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NATIONAL ATWISORY COMMITTEE FOR ABRONAUTICS

TECHENICAL NOTE NO. 1277

TWO-DIMENSIONAL WIND-TUNNEL INVESTIGATION OF THE
NACA 6&1-012 ATRFOII. EQUIPPED WITEH TVWO TYPES
'OF LEADING-EDGE FLAP

By Feliclien F. Fullmer, Jr.’

SUMMARY

An investigation was made in the Langley two-dimensional low-
turbulence pressure tunnel to determine the characteristics of lesading-
edge flaps used as high-1ift Jevices. The investigation,conducted at
2 Reynnlds number of 6.0 % 105 included tests of two 10-psrcent-chord
leading-edge flaps, one intendsd to s81ids forwerd along the upper
surface and the other hinged near the leading sdge on the lower
surface of an NACA 6q-012 airfcil, with and without & 20-percent-
chord trailing-edge split flep. Data are glven to show ths section
1ift characteristlics for a range of flep deflections and the pliching-
moment characteristics and 1ift characteristics with leading-edge
roughness for the optimum flep arrangemonts.

The results indicate that the marimmm section 1ift-coefficilent
increments for the optimum upper- and lower=-surface lsading-sdge
flap arrangements on the plain airfoil were 0.4h3 and 0.12,
respectively. The corresvonding increments In the angle of attack
for maximum section 1ift cosfficients ware 4.0° and l.ho, respoctively .
When the alrToll was fitted with the 20-percent-chord trailing-edge
split flap deflected 60°, the optimum urper- and lower-surface
leading-edge fleps produced increments of 0.81 and 0.43, respoctively.
The corresponding increments in the engle of attack for ths maxinmm
section 1ift coefficlents were 6.9° and 3.99. The highest maximum
section 1lift coefficieont, 2.98 at an angle of attack of 16.2°, was
obtalned when ths upver-svrfacs leading-edge flay was used In '
combination with the trailing-edge split flap. The deflection
of either type leading-edge flap resulied 1n a2 forward movement
of the asrodynamic ceonter at high angles of attack. The lower-
eurface leading-edpme~flap Installation was less sensitive to
leading-edge roughness than the wpper-surface leading-edge flep
arrangement. With the trailing-sige flap, ths maximum section 1lift
coefficient for the uppar-surface lesading=-edge flap in the rough
condition, however, was about the same at the maximum 11ft coeffi-
cient obtained for the lower-surface leading-edge flap in the
gmooth condition.
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INTRODUCTION

The problem of obtaining adequate maximum 1Lift coefficients
on highly swept winge for high-speed aircraft has brought to 1light
a need for a more thorough investigation of auxiliary high-lift
devices, auch ss leading-edge fleps, leading-edge slots, and
drooped leading-edge airfoils. Recent reports of tests of con-
ventional unswept wings (references 1 and 2) which were obtained
from the D.V.L, in Germany indicabed thet cne of these devices,
the leading-edge flep, when used in comblnstion with a conven—
tional split flap, produced a substsntiel increase in the maximum
1ift coefficlent sccompanied by an increase in the angle of attack
at which the maximum 1ift coefflclent was obtained. The German
investigations, however, were carrled out st very low Reynolds
numbers on airfoil sectlons having meximum 1ift coefficlents of
only about 0,.72. The present brief Investligation wes conducted
in the Lengley two-dluwensional low-turbulence pressure tunnsl to
determine the characterlstics of a lower—-surface leading-edge flap
similar to the flap tested by the Germ%ns but tested at a higher
value of the Reynolds number (6.0 X 107) and also to investigate
an improved type (upper surface) leading-edge flap. The investi-
gation included tests of an upper— and lower-surface leading-edge
. flap on en NACA 6~series airfoil with and without a trailing-eduse
split flap.

SYMBOLS
N elrfoll section angle of attack
cy airfoll section 1ift coefficient (1/qc)
Cpy airfoll section pitching-moment coefficlent sbout alrfoil
o/h quarter—chord point (m/qc2)
Aab increment of section angle of attack for maxlimum section

11ft coefficlent due to leading-edge flap deflection

meximm section 1ift coefficient

lmax
Aoz increment in maximum sectlon 1ift coefficlent due to
max leading-edge flap deflection
SfL B deflection of leading-edge flap, degress (zero when flap

lies along surface, hinge line forwerd of flep trailing
edge)

A

.
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SfT.E. deflection of traliling-edge flap, degrees
c chqrd of plain alrfoll

R Reéﬁolds number

1 1ift per unit spen

i momsent per unlt span

a dynamic pressure

MODEL

The model, which was constructed of laminated mshogany, had a
chord of 24 inches and was built to correspond to the ordinates of
the NACA 64.-012 airfoll section. (See table I.) The 20-percent—
chord trail%ng—edge split flap, set at a deflection of 60° and
used for mome of these tests,was simulated by a prismetic block
of laminsted mshogany attached to the lower surface of the model
as shown in figure 1{a). _

The lower—surface leading-edgs flap was attached to the surface
of the modsel at g polnt 2.25 percent of the chord back of the
leading edge as shown by figures 1(s), 1(b}, and 2. The l0-percent—
chord f£lap was shaped to conform to the contour of the alrfoil
lower surface between ths.2,25— end 11,47-percent sirfoil chord
gtations and had e leading-edge radius equal to 0.78 psrcent of the
alrfoll chord,

The upper-surface flap (fig. 3(a)) was designed in en attempt
to eliminste soms of the more obvious faults of the lower-gsurface
flap such as the serious dlscontinuity which occurs st the hinge,
polnt and the relatively emall Increase in ares which was obtained
with the flap in its optimum deflected position., For these reasons
the upper—surface flap was designed to falr smoothly into the
alrfoll upper surface when the flap was fully deflected and at the
sems time to provide a relatively large incrsase in the srea.
Furthermore, the curvature of the upper surface is fairly large
near the leading edge and this curvaturs decresses gradually with
distence from the leading edge.

The upper-surface flap used for these tests simulated an
extenslble type of flap which, when retracted, was intended to
form an integral portion of the airfoill leading edge and upper
surface, The profile of the first 50 percent of this flap was
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1dentioal in contour to that of the plain aeirfoll from the leading
edge to the S-percent—chord sbation, and the remaining 50 percent
of thils 10-percent chord flap was of true circular-erc contour.
The flap could thus be exbtended by sliding it along a circuler-arc
track, The radius used to describe this clrcular arc and the
location of the center of curvature was chosen so that the arc
conformed to the contour of the alrfoll upper surface between

the 1.75— and 5.00-percent—chord stations of the airfoil., Since
the arc described by this radiuvs formed e part of the original
alrfoll surface, the flap, when extended, faired smoothly into the
alrfoll upper surface to produce s highly cambered airioll as shown
in figures 3(a) and 3(b). The sketches of figure U4 show the
ordinates, the relation of the flap to the model, and the method
of measuring the effective 10-percent chord of the flap.

Both leading—edge Tlaps were cohstructed of {%—inch gheet

iron end were sttached tc the model by six breckets equally spaced
scross the 35.5-inch spen of the model, The various deflectlons
of the lower—surface flep were obtained by the instellation of e
new get of brackets for each deflection, Thoe deflection of the
lower—surface leasding-edge flap was measured in a counterclockwise
direction (fig. 2) from its retracted position. The 153° deflec—
ticn for the upper—surface leading-edge flap as shown in flgure )
was glven for the purpose of comparison with the flep defiections
indicztod in Tigure 2. The retracted positions of the flaps aro
ghown by dotted lines in figures 2 end k.

The leadlng-edge roughness uged for the teats of the plain
alrfoill and the ailrfoil lesding-edge flap configurations con—
sisted of 0.0l-inch cerborundum grains shellacked to the airfoil
upper and lower surfaces for a distance squal to 8 percent of the
chord as measured from the interssction of the chord line and esirfoll
leading-edge redius. The roughness usged for the test of the leading—
edge flap arrengements consisted of similar size carborundum grains
shellacked to the flap leading edge and to the forward 80 percent of
the flap upper surface (fig. 3(b)).

TESTS

The 1lift characteristics were obtained for the model wilth each
of the leading-edge flaps alone and in ccwbination with ths treiling-
edge split flap deflected 60°, The pitching-moment characteristics
for the model in a smooth condition snd the 1litt characteristice
for the model in & rough condition were obtained only for the more
favorable flep settings of the various airfoil flap configurations.
AlY teste wers made at en sbeolute tank pressure of 5§ pounds per

b ]
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squere inch and a dynsmic pressure of approximstely 70 pounds per
square foot which correspond to a Reynolds number of 6.0 X 106
and 2 Mach nwmber of 0.11,

Test Methode and Tunnel Corrections

The 11ft characteristlcs of alrfoils tested in the Langley
two-dimensional low—=tnrbulence pressurs tunnel are obbtained by inbe-
greting, over a finite distance, the pressure dlstribution imposed
by the modsl on the floor and celling of the tumnel. Because only
about 93 percent of ths actual 1ift ls transferred to the floor
and .ceiling of the tunnsl in +the finlte distance covered by the

:,.lift orifices, correction factors, obtalned theoretically, wers

appllied to the integrated pressure-distribution date to obtaln
the totel 1ift.

Corrections for the wind—tunnel-wall effects ﬁers made by
the following squations, where the primed symbols represent the
gquantities messured in the tunnel:

a'o = 1.015610'

cy O.9780Z’

- 4
| “me = 04993y,
A correciion has also been epplied to the data pressnted herein
for the blocking effect at engles of attack near meximum 1ift.
Thisg correction for the blocking effect reduces the maximum 1ift
coefficlent measured in the tumnnsi by approximately 1.5 percent.
Previous comparisonsg .of the 1ift coefficients ¢btained from the
moasurement of the pressurs rsaction on the floor and celling of
the tunnel were in close agreement with those obtained from airfoil
pressure distributions-and force tests. The probable srror In
individual test points as dstermined from check tests, consldera-
tion of the sensitivity. of the measuring instruments, and the

‘departure of points from the falred curves is esgtimated to be

within the following limites:

Over the linsar portion of the lift curve:
.cz . . L) . * . » - . . . . - . * . L3 * . [ s:toooos

" o--n ¢ & o 5 8 s ¥ e ° A & e ¢ & o = i.-
.cmc/h 0.002

% . « e . e ® = e @ - a s 5 ¢ & 8 ¢ o - i O-lo

‘Nbar maximum 1ift coefficlent:

L c a L] . ¢ e e = s @ e o - e e o o . .

o =0.,
cmC/h. & e .o ° [ . . . . . . [ . . . . ll * . :t O oolo
.% L]

. L ] ¢ o o - o s o e + . e e w . » iO.J—O
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RESULTS AND DISCUSSION

The 11ft characteristics obtainsd from tests of the various
alrfoll flap configuratlons are presented in figures 5 to 7.
The pitching-moment characteristices of the plain airfoil, of the
alrfoll~tralling-edge flap model, snd of the optimum airfoll-
lsading~edge~flap srrengements tested are presented in figure 8.
The effect of leading--edge roughness on the 1lift characteristics of
both the plain airfoil and the airfoll with the tralling-edge flap
1s shown in flgure 9; similar dats for the best airfoll-leeding-
edge~flap arrangements tested are presented in figure 10. The
varlation of the lncrements of maximum section lift cocefficient
Aczmax and of section angle of attack for msximum section 1ift

coefficlent Ax, with leading-edge flap deflection is presented
in figure 11.

Lift Characteristics

The data presented In figures 5 to 7 show that the best
errangements of lsading-edge flaps of the type tested 1lncreased
the maximum section 1ift coefficlent and also ths section engle cf
ettack at which the maximwm 1ift coefficlent occurs. The maximum
gection 1ift coefficlents, the angles of attack at which the
maxirun section 1lift coefflcient occurred, and the increments
which wexre obbtalned for the various optimum configurstions are
summarized in the following teble:

| o |D 5
Model configuration Sy, | oo |Ac, fr..E.| fT.B
- ) max {{de ) o
. (dsg) (9€) | (508) |(a0e)
Ailrfoll alone L. 14,3 | mmmmec ) e e
Alrfoll and lower-surface '
leading-edge flap 1.54% 15,7 | 0.12 .40 120 | ~---m-
Alrfoll and upper—surface
leading-ocdge flap 1.85 [18.3 .43 4,01 153 |--=e--
Ailrfoll asnd treiling-edge
flap alone 2.17 | 93 |=wmerefemene] cemean 60

Alrfoll trailing-edge flsp
and lower-gurfeace
leading-edge flap 2.60 h13.2 43 3.9] 112 60

Alrfoll tralling~edgs flap
and upper—surface ,
leading-edgs flap 2.98 16,2 81 6.9 153 60
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The lsading-sdge flap 1s belleved to produne these incrsases in
cl and in the angle of attack for c::z by reducing the

ma.gni tude of the pressure peeks and the magnitude of the

adverse pressure gredient usually assoclated with the flow
conditlions nesr maximum 1ift of the plain airfoll section. At
the optimum deflection, the flap 1s so allned with the flow
approaching ths leading edge that a substantlal amount of lift 1s
carried by the flep without the presence of excessive pressure
peaks. Some increase in 11ff is, of course, also assoclated with
the effective increase in area caused by flep deflection., Ab
flap deflections less than the optimum, the flow over the rear
portion of the alrfoll becomes separated befors the angle of
attack is high enough for the load on the flap to contribute
substantially to the 1ift. At flap deflectlons greater than the
optimum, large pressure peaks form at the leading edge of the flap
at low angles of attack. .

The effect of the leading-—edge flap at angles of attack well

below those for meximum 1ift is to act as a spoller on the lower

surface of the alrfcil and thus to cause large reductions in 1ift,
As the angle of attack is incressed and the flow becomes botter
alined with the flap, the spoller action of the flap decreases
and the 1ift becomes equal to that of the plain airfoll at some
moderate angle of attack. The slope of the 1ift curve is there-
fore much highsr at low angles of attack for bhe flapped ggc’cion
than for the plain airfoil.

The preceding discussion is also aspplicable to the case of
the airfoll leading-edge flap combination when fitted with a
trailing-edge high-1ift device., For this condition, the optimum
leading-edge flap deflection is expected to be somewhat leas
than for the plain elrfoll, because of the.greater inclination
of the flow to. the. airfoil chord at the leading-edgs.

Lower—surface flap.— An examination of the section 1ift
characteristics presented in flgure. 5 shows that the lower—surface -
leading—edge flap, when used in con:}unction wilth the plain alrioll
produced a meximum section lift cosfficient of 1,54 at an engle
of attack of 15,7° (Bf ‘E 1200> , ‘which correspond, as shown

in Pigure 11, to increments Ac.z = 0.12 and Az, = 1.4° . above

the values obtaineble with the pla.in airfoll., When this lsading—
edge flap was used in combination with the airfoil and split
tratling-edge flap (fig. 6) the maximum section 1ift coefficient
wes increased 3«:‘) a value of 2.60 at an angle of atteck of 13,2°

(5 = 112° which corresponded to increments Ac = 0.43
\ILE, lmax

and Ao, = 3.9° over and sbove that obtained with the conventional
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airfoil and trailing-edge flap arrengement. Germen data (refer—
ence 1) indicated that an increment in maxlimum 1lift coeffilcient

of 0.31 wes obtained with a simllar arrangement of leading-sdge
and trailing-edge flaps on an airfoil of the same thickness. It
is apparent, however, from figurss 5 and 6 that a leading-edge
flap of this type is somewhat sensitive to changes in flap deflec—
tion for the reesons given in the previous general discussion of
both types of leading-edge flaps. A comparison of the data
presented in figures 5 and 6 and the increments obtained indicates
that the presence of the split tralling-edge flap altered the flow
characteristics in such a manner as to Increase the effectiveness
of the leading-edge flap at deflections as low as 103°, The

cross plot (fig. 10) shows that the presence of the tralling-edge
flap, as previously mentioned, haed a pronounced effect on the
deflection st which the best meximum 1lift coefficlent increment
was obtained. For exsmple, the optimum deflection for the leading-
oedge flap when used alone was 120°, dbut when used in conjunction
with the trailing-edze flap, the optimum deflection was 112°,

Upper—surface flap.— An examination of the section 1ift
charscteristics presented in figure T shows that this uppsr—
surface leading-edge flap, when used in conjunction with the plain
airfoil, produced a meximum section Lift coefiiclent of 1.85 at
an angle of attack of 18.3°, These values corresponded to an
Increment Ac, = 0.43 and an increment A, = 4.0° above the

valuso obtalnable with the plain airfoil. The same figure shows
that the use of this leading-edge flap in conjunction with the
alrfoil and split trailing-edge flap produced a maximum 1ift
coofficient of 2.98 at an sngle of attack of 16.2°, which corre—
epondsd to increments Ac, = 0.81 and A, = 6.9° above that

max

obtalined for the alrfoll and split trailing-edge flap arrangement.
The date presented in figure 7 show that at low angles of attack
this flap also produces decrements in the section lift coefficlents.
The rapid decrsase in the magnitude of this decrement in 1ift
coefficient shows, however, that the spoiler actlion is somswhat
less severe for this flap than 1t is for the lower—surface
leading—edge type of flap.

The results given in figure 11 indlcate that the lncremente

Acz and Aa, were conslderably greater for the upper—surface
max

leading-edge flap. This can be attributed to the slightly greater
projected area and emooth contour of the upper-surface leading-edge
flap.

e



Pitching-Momont Characteristics

A comparison of the pltching-moment data obtained for the
plain alrfoll and the airfoil trailing-edgs flap arrangement with
data obtained for the ssme arrangements equlipped with the lower--
or upper—surface leading-edge flaps (filg. 8) shows that the
addition of either flap caused the moment coefficients to Increase
negaetively with increasing 1lift coefficlents until the angle of
attack was approximately high enough for the flap to cease acting
as a spoller. As the 1ift coefficilent 1s incrsased beyond this
point, the moment cosfficlients increase positively in a manner
corregponding to a forward position of aerodynamic center with
respoct to the quarter—chord point of the original modsl. Such
a forward position of the asrodynamic center is consistent with
the fact that area has been added shead of the leading edge of
the plain alrfoil. The forward shlft in the position of the
esrodynamic center was slightly greater for the uppsr—surface
flap installation then for the lower-surface flap installation.
The results show that increments in pltching-moment cosefficient
which were obtainsd from the addition of either of the leading-
edge flaps are relatively small in comparison with the increment
resulting from deflection of the conventional split trailing-edge
flap.

Effects of Leading-Edge Roughness

The decrements in the maximum section 1ift coefficient caused
by the additlon of leading-edge roughness were sbout 0.4 for the
upper—surface leading-edge flap when used alone or when used in
combinstlon with the trailing-edge split flap. (See fig. 10(b).)
These decremsnts are of the sams order of magnitude as those
obtained for the plain airfoll and the airfoll trailling-edge split-
flap model as shown in figure 9. The corresponding decrements in
the maximum sectlon 1ift cosfficlents for the lower-—surface
leading-edge flep (fig. 10(a)), with leading-edge roughness, was
approximately 0.1 without the trailing-edge flap, and epproximately
0.2 with the 20-percent—chord tralling-edge split flep. The
decrements caused by the addition of roughness to the leading
edge of the lower—surface leoading-edge flap are relstively low
becauge the Tflow over the alrfoil upper surface for this confige—
regtion is elready seriously dlsturbed by the proJecting leasding
edge of the normsl alrfoil, A comparison of the 1ift characterigtics
of both leading-edge flap arrangsments (without trailing-edge flap)
in a rough condition with those for the plain airfoil in a smooth
condition ghows thet the maximum section 1ift coefflclents are
approximately of the same order of magnitude, With the tralling-
edge split flap deflected 60°, however, the maximum section 1lift
coefficient for the upper-surface leading-edge flap with roughness
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at the leading eodge 1s about the same es that for the lower-surface
leading-edge flap configuration in the smooth conditlon and con-
siderably higher than that for the conventional alrfoll«-trailing-
efge flap in the same smooth condition.

CONCLUSIONS

This investigation, conducted at a Reynolds number of 6.0 106,
wes made to determine the 1ift and piltching-moment charecterlstics
of two 1lO-percent-chord loading-edge flaos used as high-1ift devices
on an NACA 6&1-012 airfoil with end without a 20~percent-chord
trailing-edge split flap deflected 60°. The upper-surface leading-
edge flap vas designed to slide forwerd and to fair maoothly into
the alrfoil contour, whereas ths lower-surface leading-edge flap
wvas hinged at the 2.25-percent-chord station. The resulte indicate
the following conclusions:

1. The maximum section 1lift coefficient increments for the
optimum upper- and lower=-surface leading-eage flap arrangements on
the plain airfoil were 0.43 and 0.12, respectively. The coxrre-
gponding increments in the angle of attack for meximum section
11ft coefficients were 4.0° and 1.k°, respectively.

2. Vhen the airfoll was fitted with the 20-percent-chord
trailing-edge ©plit flap, the optimum upper- and lower-surface
leading-edge flep deflections produced increments of 0.81 and
0.43, respectively. The corresponding increments in the anglc
of attack for the maximm section 1ift coefficients were 6.9°
and 3.9°.

3. The highest meximum section 1lift coefficlent, 2.98 at an
‘angle of attack of 16.2°, was obtained when the aner-surface
leading-edge Tlap vas used in combination with the trailing-edge
split flap.

4. The deflection of either type leading-edge flap resulted
in a forward movement of the asrodynemic center at high angles
of attack. -

5. The lower-surface leading-edge flapn instellation was
less eensitive to leading-edge roughness then the upper~surface
leading-edge flap errangement. With the tralling-edge flap, the
maximm sectlon 1ift coefflcient for the woper-surface leeding~
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edge flap in the vough condition, however, was about the seme as the
maximm 1ift coefficlent obtained for the lowsryr-surface flep in the
smooth condition.

Langley Momorial Asronautical Leboratory
National Advisory Committee for Aeronautice
Lengley Field, Va., January 21, 1947
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TABLE I

ORDINATES FOR NACA 6h1f012 ATRFOIL

[Stations and ordinates given in
percent of alrfoll chord]

NACA TN No. 1277

Upper surface Lower surfece
Station Crdinate Stetion Ordinate
o} 0 o} 0
.5 .978 .5 -.978
.75 1.179 .75 -1.179
1.25 1.490 1.25 ~1.k90
1.75 1.730 1.75 -~1.730
2.5 2.035 2.5 -2,035
5.0 2,810 5.0 ~2.810
7.5 3.394 7.5 -3.394
10,0 3.87. 10.0 -3.871
15.0 4,620 15,0 -l , 620
20.0 5.173 20,0 -5.173
25.0 5.576 25,0 -5.576
35.0 5.978 35.0 -5.978
40,0 5,981 0.0 -5.981
45.0 5,798 45,0 5,798
50.0 5,480 50,0 =5.,480
55.0 5,056 55,0 -5.05
60,0 4.548 60.0 -4,548
65.0 3.97h4 65.0 ~3.97%
70.0 3,350 70.0 -3.350
75.0 2.695 75.0 —2.695
80.0 2,029 80.0 ~2,029
85.0 1.382 85.0 -1.382
90,0 . 786 ' 0.0 -.786
95,0 .288 95.0 -.288
100 0 100 0
L. E. radius: 1.040

KATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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(a) Three-quarter rear view of model showing the installation of
the leading~ and trailing-edge flaps.

Figure 1.- Photographs of the NACA 641-012 airfoil section and the 0.10c lower-surface
leading-edge flap alone and in combination with the 0.20c trailing-edge split flap.
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(b) Three-quarter front view of the model showing the contour of the
lower~surface leading-edge flap.

Figure 1.- Concluded.
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NACA 647-012 airfoll section,
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Figure 2.~ B8ketch showing the lower-surface leading-edge flap arrangement on the
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(a) Side view of model showing installation of upper-surface leading-edge
flap and lower-surface trailing-edge flap.

Figure 3.- Photographs of the NACA 641-0 12 airfoil section and the 0.10¢ upper-surface
leading~edge flap alone and in combination with the 0.20c¢ trailing-edge split flap.
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(b) Three-quarter front view of model showing the leading-edge roughness
applied to upper-surface leading-edge flap.

Figure 3.- Concluded.
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Btatlon 12.00 .4y, extension of the circular arc
. beyond 0.10c i1s necessary to falr
.1000¢ - g%ig'{.nto airfoll, see asaembly
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Flgure 4.~ Sketch showing the upper-surface leading-edge
flap, flsp ordinates, and the arrangements of tl?g rlgp
on the WACA 647-012 airfoll sectlon.



Fig. 5 NACA TN No. 1277
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Pigure 5.- Sectlion 1ift characteristics for the NACA 64,-012 airfoll

section equipped with a 0.10c¢c lower-surface leading-edge flap.
R = 6.0 x 108,
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Figure 6.~ Section 1lift characteristics for the NACA 6)41-012 alrfoll
section equipped with & 0.10c¢c lower-surface leading-edge flap and

& 0.20¢ trailing-edge split flap, R = 6.0 x 106, By g, = 60°.



Fig. 7 NACA TN No. 1277
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Pigure 7.- Section 1lift characteristics for the NACA 64,-012
airfoil section equipped with a 0.1Cc upper-surface leading-
edge flap alone, and in combination with a 0.20c trailing-
edge split flap. R = 6.0 x 106,
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Figure 8.- Section pitching-moment characteristics for the HACA 647-012 airfoll with and without

8 "31d

the optimum leading-edge and trailing-edge flaps. R * 6.0 x 105,
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FPigure ¢.- The effect of leading-edge roughness on the section 1lift
chaeracteristics of the NACA 647-012 airfoil with and without a

trailing-edge split flap. R = 6.0 x 106,
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Fig. 11 NACA TN No. 1277
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Figure 11.- Variation of the Increment of maximum section 1lift
coefficlent and the increment of section angle of attack for
maximum section 1ift coefficient with leading-edge flap
deflection. NACA 647-012 alrfoll section with leading- and

trajling-edge split flaps. R = 6.0 x 105,



